1.. Background {#S5}
==============

In the next few decades, the United States population will become proportionally older and more ethnoracially diverse, contributing to a projected increase in the prevalence of dementia. By 2030, approximately one in five Americans will be over the age of 65 years and, by 2060, Hispanic Americans and black/African Americans are projected to constitute 29% and 14% of the population, respectively \[[@R1]\]. The prevalence of dementia is estimated to more than double by 2050 \[[@R2]\]. Despite these trends, our understanding of dementia across ethnoracial groups remains limited and represents an important topic of investigation \[[@R3]--[@R5]\].

Race/ethnicity is often used as a proxy for interrelated psychosociocultural characteristics that may be associated with dementia risk \[[@R5]\]. Compared with the risk for older white individuals in the United States, the current risk for developing Alzheimer's disease (AD) and other dementias among older black individuals is twice as high and among older Hispanic individuals is one and one-half times higher \[[@R2]\]. Hispanic Americans constitute a heterogeneous population based on their country of origin, race, ethnicity, immigration patterns, and consequently their rates of dementia also vary \[[@R4]\]. For instance, the estimated overall dementia prevalence among Mexican Americans is 4.8% for those ≥60 years old and 31% for those ≥85 years old \[[@R6]\]; among Puerto Rican veterans, those estimates are 13% for those ≥65 years old \[[@R7]\]; among a predominantly Dominican sample of Caribbean Hispanics, the prevalence estimates are 7.5% for adults 65 to 74 years old, 28% for adults 75 to 84 years old, and 63% for adults ≥85 years old \[[@R8]\]; and among Cuban Americans, the estimates are 13% for women ≥65 years old. Moreover, the estimated annual incidence of dementia among Hispanic Caribbean adults (3.6%) is higher than the estimate for Mexican American adults (0.8%) \[[@R4]\]. In sum, the epidemiologic data depict variable rates of dementia prevalence and incidence among Hispanic Americans, with higher rates in Caribbean Hispanics than Mexican Americans \[[@R4]\].

The higher incidence rate of AD among black and Hispanic individuals to age 90 years was not observed to change after adjusting for common demographics or cardiovascular conditions \[[@R3]\]. This may be of particular importance given that cardiovascular and sociodemographic risk factors for AD and other dementias are more prevalent in Hispanic individuals and black individuals than in white individuals \[[@R3],[@R9]\]. Interestingly, Hispanic individuals have been found to survive longer with AD \[[@R10]\] and have lower mortality risk estimates from any cause \[[@R11]\] relative to black individuals and white individuals. This phenomenon, known as the "Hispanic mortality paradox" \[[@R11],[@R12]\], has received limited neurobiologic investigation due to the scarcity of autopsy-confirmed study cohorts containing minorities. Autopsy-based neuropathologic diagnoses are not only fundamental to AD research, but are also important in historically underserved populations where clinical and social factors may track differently than among traditionally studied populations. Moreover, this information may also apply to or be compared with other underserved populations worldwide \[[@R5]\].

Among the sociodemographic factors important to AD research, both educational and occupational attainments have been used as proxies for cognitive reserve \[[@R13]\]. Education, in particular, is believed to be neuroprotective, as it appears to alleviate the impact of pathology on the clinical manifestation of dementia before death \[[@R14]\]. In addition, older age, family history of AD, and *APOE* ε4 are the greatest risk factors for late-onset AD \[[@R15]--[@R17]\]. Specifically, *APOE* ε4 is the strongest genetic risk factor for more common late-onset forms of AD \[[@R15]\]. Hispanic individuals have been found to have a lower frequency of *APOE* ε4 relative to black individuals and white individuals \[[@R6],[@R16],[@R18]\]. Also, compared with white individuals, Hispanic individuals and black individuals have been found to have an increased frequency of AD regardless of *APOE* status \[[@R16],[@R19]\], and similar cumulative risk of AD to age 90 years in *APOE* ε4 carriers \[[@R20]\].

The extent to which neuropathologic and genetic factors contribute to disparities in neurocognitive deficits among ethnoracial groups remains poorly understood. Thus, we investigated clinical, genetic, and neuropathologic differences in AD across three ethnoracial groups from the FLorida Autopsied Multi-Ethnic (FLAME) study. Our primary goal was to assess demographics, *APOE* genotype, clinical progression, and neuropathologic differences or similarities in the context of autopsy-confirmed AD. Our secondary goal was to determine demographic and frequency differences across a wide range of neurodegenerative diseases in the overall FLAME cohort.

2.. Methods {#S6}
===========

2.1.. Study samples {#S7}
-------------------

The FLAME cohort is derived from the State of Florida brain bank housed at the Mayo Clinic Florida. Participating Memory Disorder Clinics in the State of Florida's Alzheimer's Disease Initiative offer to register individuals for autopsy regardless of sex, race, or ethnicity. Other referrals may include educational talks to the community by Memory Disorder Center staff and family members of the brain bank participants. The major requirement is that a documented neurologic or psychiatric workup for cognitive disorders be available. Participating centers include West Florida Regional Medical Center, Tallahassee Memorial, Mayo Clinic Jacksonville, University of Florida, Orlando Health Center for Aging, Florida Hospital Orlando, East Central Florida, Morton Plant, University of South Florida, St. Mary's Medical Center, Florida Atlantic University, Sarasota Memorial, Lee Memorial, Broward Health North, University of Miami, and Mount Sinai Medical Center (<http://elderaffairs.state.fl.us/doea/alz/clinicmap.pdf> ). All individuals in this study have come to autopsy and are thus referred to as decedents. The FLAME cohort consists of individuals self-identifying as Hispanic/Latino, black/African, and non-Hispanic white/European; hereafter referred to as Hispanic decedents, black decedents, and white decedents, respectively. The overall FLAME cohort consists of a total of n = 2809 autopsied individuals whose brain tissue was received on or before August 2015, with a wide range of neurodegenerative diseases ([Supplementary Table 1](#SD1){ref-type="supplementary-material"}). The overall cohort was queried for autopsy-confirmed AD cases regardless of clinical diagnosis. After exclusion of non-AD cases (n = 1166) and AD cases with known mutations (n = 18), we identified n = 1625/2809 (875 females and 750 males) individuals neuropathologically diagnosed as AD. All brains were acquired with informed consent, and procedures were conducted according to the approved Institutional Review Board protocol (IRB\# 16--003061).

2.2.. Clinicopathologic procedures {#S8}
----------------------------------

All cases underwent standard neuroanatomic sampling by a single neuropathologist (DWD), using optimized procedures developed by Terry et al. \[[@R21]\]. Briefly, the fixed hemibrain (typically left hemisphere) is weighed and doubled to obtain brain weight in grams. At the time of brain cutting, the infratentorial structures (brainstem and cerebellum) are first removed at the level of the midbrain and mammillary body. The cerebellar vermis is sampled with subsequent 1 cm thick transverse sections made through the midbrain, pons, medulla, and spinal cord when available. Cortical sections (frontal, temporal, parietal, motor, and visual) are next sampled perpendicular to the gyrus to ensure uniform laminar structure of the cortical ribbon. The supratentorial tissue is then cut at approximately 1 cm thick sections. To optimize sampling of the nucleus basalis of Meynert, the Dickson sampling scheme uses an oblique coronal plane defined by the anterior commissure, infundibulum, and uncus. Coronal sections are then slabbed in both the anterior and posterior extent. Subcortical regions are subsequently sampled, including amygdala (with basal ganglia), ventral/dorsal striatum, hippocampus (anterior and posterior), and thalamus (with subthalamic nucleus). After sampling, tissue cassettes are placed in 10% formalin solution before embedding.

AD neuropathologic change was assessed using thioflavin-S microscopy, including Braak tangle stage \[[@R22]\] and Thal amyloid phase \[[@R23]\], as previously described \[[@R24]\]. TAR DNA binding protein 43 (TDP-43) immunohistochemistry was performed using MC2085 (1:2500), which is a rabbit antibody that recognizes amino acids 220--227 in the 25-kDa C-terminal fragment \[[@R25]\]. Hippocampal sclerosis of a TDP-43 etiology was assigned to cases with hippocampal neuronal loss disproportionate to the severity of neurofibrillary tangle pathology \[[@R26]\]. Coexisting Lewy body disease was assessed using the rabbit antibody NACP (1:3000), which recognizes amino acids 98--115 with a cysteine residue at its C-terminus \[[@R27]\]. Lewy body disease subtypes were classified based on neuroanatomical distribution \[[@R28]\]. Genetic screening of *APOE* was available for n = 1208/1625 (74%) of the AD cohort.

Demographic and clinical data were abstracted from available clinical history notes for the AD cohort, including self-reported sex and ethnoracial status that was available for all individuals. Years of education was available for n = 952/1625(59%) of all decedents. Job-level score was categorized based on an individual's highest occupation according to the United States Department of Labor occupation, as previously described \[[@R29]\] (see [Supplementary Table 2](#SD1){ref-type="supplementary-material"}, <http://www.govtusa.com/dot/> ). Job-level score was available for n = 897/1625 (55%) of all decedents. Family history was based on self-reported presence or absence of apparent or diagnosed cognitive problems in any of the patient's family members and was available for n = 1500/1625 (92%) of all decedents. Age at symptom onset consisted of the initial patient's and/or caregiver's complaint of cognitive dysfunction and was available for n = 1152/1625 (71%) of all decedents. Disease duration represented the time interval between age at symptom onset and death. Test date and score were recorded for every Mini-Mental State Examination (MMSE) \[[@R30]\]. At least one MMSE was performed in n = 724/1625 (45%) of all decedents, and a final MMSE performed within three years of death was available for n = 309/1625 (19%). Rate of cognitive decline was evaluated using three or more MMSE test dates relative to the date of death, and calculated as points lost per year \[[@R24]\]; this was available for n = 297/1625 (18%). Individuals who reported that English was not their first language were given the option at each MMSE test date to take the English or Spanish version of the test. Specific data availability by ethnoracial group has been summarized in [Supplementary Table 3](#SD1){ref-type="supplementary-material"}. Country of origin was reviewed for Hispanic decedents (available in 52/67 \[78%\]) and black decedents (available in all 19) who were neuropathologically diagnosed with AD. Among Hispanic decedents whose information was available, most were of Caribbean origin (46/52 \[88%\]), primarily from Cuba (34/52 \[65%\]) and Puerto Rico (9/52 \[17%\]), whereas the minority were of Mexican, Central or South American origin (6/52 \[12%\]). All black decedents identified as having been born in the United States with the exception of one individual born in Guyana and another born in Jamaica. Primary language was not available for either of these cases; however, all other black decedents identified English as their primary language. [Supplementary Table 4](#SD1){ref-type="supplementary-material"} contains breakdown of self-reported language and country of origin for Hispanic decedents.

2.3.. Statistical analyses {#S9}
--------------------------

All analyses were conducted using SAS 9.4 Version (Statistical Analysis Software, Cary, NC) using a *P* value of, 0.05 for significance. Associations of categorical variables were assessed using Fisher's Exact Test. Continuous variables were summarized with medians and interquartile ranges and compared between ethnoracial groups using the Kruskal-Wallis test. Ethnoracial differences in brain weight, Braak tangle stage, coexisting hippocampal sclerosis of a TDP-43 etiology, and final MMSE score were further examined using regression analyses. The final MMSE score was adjusted for education, sex, age at onset, and disease duration. The brain weight, Braak tangle stage, and hippocampal sclerosis regression analyses were adjusted for sex, age at onset, and disease duration. Linear regression was used for analysis of MMSE and brain weight, proportional odds regression for Braak stage, and logistic regression for HpScl.

3.. Results {#S10}
===========

A summary of the demographic, clinical, and neuropathologic findings in the overall FLAME cohort stratified by self-reported ethnoracial status is found in [Supplementary Table 1](#SD1){ref-type="supplementary-material"}. Of the total n = 2809 overall autopsied cohort, there were n = 118 (4%) Hispanic decedents (ages 39--101), n = 36 (1%) black decedents (ages 36--97), and n = 2655 (95%) white decedents (ages 36--104). Findings in the AD cohort stratified by ethnoracial status are summarized in [Table 1](#T1){ref-type="table"}. Of the total n = 1625 AD cases, there were n = 67 (4%) Hispanic decedents (ages 58--93), n = 19 (1%) black decedents (ages 60--97), and n = 1539 (95%) white decedents (ages 53--102). We did not observe sex differences across ethnoracial groups (*P* = .865) in this autopsy-confirmed AD cohort. Differences in years of education were marginally significant (*P* =.055), with Hispanic decedents (median = 13 years) and black decedents (14 years) observed to have the lowest years of education compared with white decedents (14 years). Highest job level score attained did not differ across ethnoracial groups (*P* =.898). The frequency of *APOE* ε4 carriers did not differ among the groups (*P* = .118). Family history of cognitive problems differed (*P* = .003), with Hispanic decedents observed to have a higher frequency (58%) of family members with cognitive problems or dementia compared with white decedents (37%) and black decedents (29%).

Age at symptom onset differed across ethnoracial groups (*P* =.047), with Hispanic decedents (70 years) and black decedents (71 years) observed to report cognitive complaints at an earlier age compared with white decedents (72 years). Disease duration differed across groups (*P* = .0004), with Hispanic decedents (12 years) observed to survive longer from onset to death compared with white decedents (9 years), who in turn survived longer than black decedents (8 years). [Fig. 1](#F1){ref-type="fig"} graphically displays the cumulative probability of longer disease duration at each time point. Extrapolation from a disease duration of 10 years demonstrates that only 22% of black decedents and 37% of white decedents had survived, whereas 67% of Hispanic decedents survived. Although longitudinal cognitive decline (i.e., points lost on the MMSE per year) did not differ across ethnoracial groups (*P* = .715), the MMSE score proximal to death differed across groups (*P* ≤.0001). Lower MMSE scores were observed in Hispanic decedents (4 points) followed by black decedents (10 points) relative to white decedents (14 points). A multiple linear regression model was built to examine whether ethnoracial differences in the MMSE final score remained after adjusting for education, age at onset, sex, and disease duration ([Supplementary Table 5](#SD1){ref-type="supplementary-material"}). As expected based on a lack of groupwise difference, the MMSE final score did not differ between black and white decedents (estimate = −2.5, 95% confidence interval \[CI\] =−7.1-- 2.1, *P* = .290); however, the MMSE final score remained lower in Hispanic decedents compared with white decedents by 7 points (estimate = −7.1, 95% CI = −11 to −3.4, *P* =.0002).

Age at death did not differ across groups (*P* = .217). Brain weight differed (*P* =.002), with lower values observed in black decedents (940 g) and Hispanic decedents (960 g) compared with white decedents (1040 g). Thal amyloid phase did not differ across groups (*P* =.450). Braak tangle stage differed (*P* = .015), with black decedents observed to have a lower Braak tangle stage (stage V) relative to the Hispanic decedents (stage VI) and white decedents (stage VI). Coexisting Lewy body disease did not differ across groups (*P* =.976). Coexisting hippocampal sclerosis of a TDP-43 etiology differed (*P* = .032), with black decedents found to have the highest frequency (21%) followed by Hispanic decedents (12%), with the lowest frequency observed in white decedents (7%).

The three neuropathologic variables found to significantly differ across ethnoracial groups (brain weight, Braak tangle stage, and coexisting hippocampal sclerosis) were further evaluated using regression modeling ([Table 2](#T2){ref-type="table"}). When compared with white decedents, Hispanic decedents were found to have a 61 gram lower brain weight (estimate = −61, CI = −98 to −24, *P* = .001); however, black decedents were not found to differ (estimate = −50, CI = −120--18, *P* = .15). The lower brain weight observed in Hispanic decedents did not survive adjustment of sex, age at onset, or disease duration (estimate = −25, CI = −57--6.3, *P* = .12). When compared with white decedents, Hispanic decedents were two times as likely to have a higher Braak tangle stage (odds ratio \[OR\] = 2.0, 95% CI = 1.2--3.4, *P* = .005); however, black decedents were not found to differ (OR = 0.7, CI = 0.3--1.7, *P* = .400). The higher Braak tangle stage observed in Hispanic decedents did not survive adjustment of sex, age at onset, or disease duration (OR = 1.3, CI = 0.7--2.3, *P* = .400). When compared with white decedents, black decedents were 3.5 times as likely to have coexisting hippocampal sclerosis of a TDP-43 etiology (OR = 3.5, CI = 1.0--9.7, *P* =.054), but Hispanic decedents were not found to differ (OR = 1.8, CI = 0.8--3.6, *P* = .180). The likelihood of observing coexisting hippocampal sclerosis in black decedents was even higher after adjusting for sex, age at onset, and disease duration (OR = 5.4, CI = 1.4--17, *P* = .016).

4.. Discussion {#S11}
==============

In a large AD series from the FLAME cohort, we report intriguing ethnoracial differences in demographics, clinical progression, and neuropathologic severity. Of particular interest, we found that, despite the observation of more common risk factors for AD in Hispanic decedents, their length of survival from age at onset of cognitive problems to death (i.e., disease duration) was significantly longer. Moreover, after controlling for education, sex, age at onset, and disease duration, the final MMSE scores remained lower in Hispanic decedents. Braak tangle stage and the presence of coexisting hippocampal sclerosis differed across ethnoracial groups, but not Thal amyloid phase or presence of coexisting Lewy body disease.

Neuropathologic studies investigating differences in ethnoracially diverse autopsy cohorts have been limited. Given that ethnoracial minorities are less likely to consent to autopsy for historical and sociopolitical reasons \[[@R5],[@R31]\], knowledge of AD neuropathologic changes comes primarily from studies on white decedents. Two autopsybased studies comparing the presence of amyloid-β plaques and neurofibrillary tangle pathology did not find differences between black decedents and white decedents \[[@R32],[@R33]\]. This is in contrast to a study investigating autopsied individuals from the National Alzheimer's Coordinating Center that found a greater proportion of black decedents with a higher Braak tangle stage compared with white decedents \[[@R34]\]. In the present study, we did not observe a difference in Braak tangle stage between black decedents and white decedents, nor did we observe that Hispanic decedents had a higher Braak tangle stage than white decedents after adjusting for sex, age at onset of earliest cognitive symptoms, and disease duration. Similarly, a study investigating an ethnoracially diverse cohort with a wide range of AD neuropathologic change did not find differences when they stratified by clinical severity \[[@R35]\]. As a proxy for global effect of Alzheimer's pathology, brain weight was investigated and found to not differ between black decedents and white decedents. This is consistent with a study showing no difference in brain weight among these ethnoracial groups \[[@R33]\]. We also found that Hispanic decedents with AD did not have a lower brain weight than white decedents after controlling for sex, age at onset, and disease duration. In addition, we investigated differences in coexisting/mixed pathology given the striking contribution to variance in dementia risk \[[@R36]\] and preponderance of additional pathologic changes observed in black decedents \[[@R9]\]. We did not observe a difference in frequency of coexisting Lewy body disease pathology, but did note a difference in the frequency of hippocampal sclerosis of a TDP-43 etiology. Although the presence of hippocampal sclerosis in black decedents has been previously observed \[[@R9]\], to our knowledge, this is the first report of a higher frequency in black decedents, even after accounting for sex, age at onset, and disease duration. Given our small sample size of Hispanic decedents and black decedents, we are cautious in our interpretation of neuropathologic differences.

Although we did not find ethnoracial differences in the age at death (i.e., length of life) within the autopsy-confirmed AD cases, we did find that Hispanic decedents developed symptoms earlier and experienced longer disease duration compared with white decedents. This is consistent with studies showing younger age at onset and/or longer survival time in Hispanic decedents with dementia \[[@R35],[@R37]\], and slightly diverges from the "Hispanic mortality paradox" \[[@R11],[@R12]\]. That is, Hispanic decedents in the United States (both immigrants and non-immigrants) live longer than black decedents and white decedents despite having at least as many risk factors \[[@R38]\]. The significant mortality advantage in Hispanic decedents appears to be moderated by age, with a stronger effect among older adults \[[@R11]\]. Some argue that this advantage may be the result of genetics \[[@R11],[@R12]\] and sociocultural characteristics \[[@R39]\]. While the cause of this resilience remains unknown, our results provide new evidence of noticeably longer disease duration in Hispanic decedents with autopsy-confirmed AD compared with white decedents. We observed shorter disease duration in black decedents, which is in contrast to the longer survival that has been reported using data from National Alzheimer's Coordinating Center \[[@R35]\]. In addition, one methodologic difference that could explain the discrepant findings is that we calculated age at onset of cognitive symptoms to death instead of time from first clinical visit to death. Regardless of methodology, differences in disease duration have important implications in terms of likely caregiver, social, and financial burden \[[@R4]\], and warrants further research to determine factors contributing to differences in disease course relevant to AD.

Differences in the length of education approached significance, suggesting that Hispanic decedents and black decedents had fewer years of education than white decedents is consistent with the 2015 United States Census data, showing that white decedents are more likely to have 16 or more years of education compared with Hispanic decedents and black decedents \[[@R40]\]. Lower education has also been associated with less cognitive reserve \[[@R13],[@R41]\], lower socioeconomic status \[[@R42]\], and more cardiovascular risk factors \[[@R43]\], all of which have been found to contribute to the increased dementia risk in late life \[[@R2]\]. Both education and occupational attainment are often used as proxies, given their putative role in cognitive reserve, with occupation providing a more life-long metric \[[@R13],[@R29]\]. Interestingly, we did not find ethnoracial differences in job level score within the AD cases from the FLAME cohort. This lack of a difference requires replication in future autopsy-confirmed studies given the growing evidence of mentally stimulating occupations in potentially reducing AD risk \[[@R13],[@R44]\]. Likewise, more work is needed to look at the interaction between education and occupation to decipher their impact on AD risk, especially in the context of an ethnoracially diverse cohort.

We did not observe a difference in longitudinal cognitive decline (i.e., points lost per year) on the MMSE across ethnoracial groups. However, when the final MMSE test scores were examined, Hispanic decedents and black decedents were observed to have lower MMSE scores compared with white decedents. These results are consistent with studies indicating that older white decedents, with or without clinically diagnosed AD, generally outperform older Hispanic decedents and/or black decedents on the MMSE \[[@R45]--[@R50]\]. Notably, ethnoracial disadvantages in cognitive aging are reflected in generally poorer outcomes among older Hispanic decedents and black decedents \[[@R51]\]. Adjusting for years of education has been shown to either ameliorate or eliminate ethnoracial differences \[[@R44],[@R45],[@R47],[@R52]\]. However, the MMSE final score remained significantly lower for Hispanic decedents compared with the other ethnoracial groups even after controlling for education, sex, age at onset, and disease duration. This is in line with previous research showing persistent ethnoracial differences after controlling for education \[[@R5]\]. The differences seen on the MMSE final score could be due to other unaccounted for variables (e.g., item bias, reading level, acculturation, greater prevalence of neuropsychiatric disturbances in dementia, income) shown to contribute to ethnoracial differences in neuropsychological test performance in aging, dementia, and population studies \[[@R41],[@R45],[@R53]\].

Although the observed numerically lower frequency of *APOE* ε4 among Hispanic decedents relative to black decedents and white decedents did not reach statistical significance, other studies have demonstrated lower *APOE* ε4 frequency in Hispanic individuals affected by AD \[[@R6],[@R16],[@R18],[@R19]\]. Despite the lower frequency, *APOE* ε4 represents a significant risk factor for dementia in several groups of Hispanic adults \[[@R6],[@R54]\] and black adults \[[@R55],[@R56]\]. Hispanic decedents were observed to more frequently have a family history of cognitive problems than white decedents and black decedents, respectively. A community-based study found a greater prevalence of dementia among black decedents compared with white decedents, despite a substantially greater family history of dementia among white decedents, suggesting that dementia is more likely to go undetected among black decedents than white decedents \[[@R54]\].

This study has several limitations related to data collection and sample characteristics. Specifically, clinical progression was studied both cross-sectionally and retrospectively using antemortem information made available at the time of brain donation. Given that cause of death and ethnic differences in social relationships, health-related behaviors, and family networks were either rarely available or lacking, survival bias was not investigated. We used self-reported ethnoracial status to classify decedents, but within each cohort considerable genetic and cultural heterogeneity exists \[[@R57]\]. Given that geographical differences in immigration patterns may differ across states with diverse populations (e.g. Florida, California, New York, and Illinois), replication from other geographic areas of the United States will be necessary. This heterogeneity is a particular concern for studies of Hispanic Americans, and future prospective ethnoracial studies would benefit from a more granular ascertainment of study sample data with respect to self-identified ethnicity, genetic markers, country or region of origin, socioeducational factors, and other variables that will help characterize homogenous subgroups. Although there were no sex differences across the ethnoracial groups in the overall or AD cohort, self-selection bias (i.e., individual's control over whether to participate for the deeded autopsy program) warrants further examination -- especially as it applies to cultural diversity. Participation in the deeded autopsy program through the Alzheimer's Disease Initiative is not restricted by sex, race, or ethnicity; however, greater efforts are needed to enhance participation to minimize selection bias. Given the aforementioned limitations, study results were interpreted with caution and should be considered preliminary.

The results of this autopsy-based AD study provide evidence of substantial ethnoracial differences in age at onset of cognitive impairment, disease duration, and end-stage cognitive decline. Neuropathologic differences across ethnoracial groups were suggestive of differences in the topographic distribution of tau pathology and coexisting hippocampal sclerosis of a TDP-43 etiology. The focus of the present study was on differences in neurodegenerative pathology; however, future work should investigate cerebrovascular disparity given known ethnoracial differences in cardiovascular risk \[[@R3],[@R43]\]. This may be especially important given recent evidence suggesting cerebral amyloid angiopathy may not differ between black decedents and white decedents \[[@R58]\]. However, our data supports the need for consideration of clinical variability when assessing neuropathologic outcomes. This has important implications for therapeutic trials when assessing efficacy of interventions, especially when neuroimaging biomarkers measures are used as surrogates for neuropathologic severity as one of the endpoints. A culturally sensitive approach regarding deeded autopsy participation by ethnoracial minorities is needed \[[@R5],[@R59]\]. Moreover, psychosocial and cultural factors impacting cognitive test performance should be considered, as these may vary depending on acculturation, geographic and socioeconomic factors \[[@R41],[@R44],[@R53]\]. We hope these preliminary findings motivate future mechanistic, biomarker, and clinical studies, with the ultimate goal of understanding and improving dementia treatments for historically underserved populations.
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![Across the autopsied Alzheimer's disease cases, the distributions of disease durations were examined by ethnoracial group. The x-axis reflects disease duration from age at onset of cognitive symptoms to the age at death. For each disease duration time on the x-axis, the y-axis was calculated as the proportion of disease durations that were greater than that time. For example, it shows that only 16% of black decedents and 40% of white decedents had a disease duration of 10 years or greater, whereas 66% of Hispanic decedents had a disease duration of 10 years or greater.](nihms-1012926-f0001){#F1}

###### 

Clinicopathologic differences identified among Alzheimer's disease cases stratified by ethnoracial group

  Characteristics                                             Hispanic decedents (n = 67)   Black decedents (n = 19)   White decedents (n = 1539)   *P* value
  ----------------------------------------------------------- ----------------------------- -------------------------- ---------------------------- ---------------------------------------
  Demographic differences                                                                                                                           
   Females                                                    36/67 (54%)                   9/19 (47%)                 830/1539 (54%)               .865^[†](#TFN7){ref-type="table-fn"}^
   Education, years                                           13 (12, 16)                   14 (12, 16)                14 (12, 16)                  .055
   Job level score                                            4 (3, 6)                      3 (3,6)                    4 (3, 6)                     .898
   Apolipoprotein E ε4                                        32/62 (52%)                   10/14 (71%)                727/1132 (64%)               .118^[†](#TFN7){ref-type="table-fn"}^
   Family history                                             38/66 (58%)                   5/17 (29%)                 522/1417 (37%)               .003^[†](#TFN7){ref-type="table-fn"}^
  Clinical differences                                                                                                                              
   Age onset, years.                                          70 (62, 75)                   71 (68, 75)                72 (66, 78)                  .047
   Disease duration, years                                    12 (8, 14)                    8 (6, 10)                  9 (6, 12)                    \<.001
   Cognitive decline, pts/year                                −1.8 (−4.1, −0.50)            −3.6 (−4.8, 0.50)          −1.6 (−3.8, −0.20)           .715
   MMSE final score, points[\*](#TFN4){ref-type="table-fn"}   4.0 (2.0, 7.0)                10 (5.0, 16)               14 (7.0, 19)                 \<.001
  Neuropathologic differences                                                                                                                       
   Age at death, years                                        82 (76, 86)                   78 (73, 82)                82 (76, 87)                  .217
   Brain weight, g.                                           960 (880, 1080)               940 (860, 1200)            1040 (940, 1140)             .002
   Thal amyloid phase                                         5 (5, 5)                      5 (5, 5)                   5 (5, 5)                     .450
   Braak tangle stage                                         VI (V, VI)                    V (V, VI)                  VI (V, VI)                   .015
   Lewy body disease                                          17/67 (25%)                   4/19 (21%)                 373/1539 (24%)               .976^[†](#TFN7){ref-type="table-fn"}^
   Hippocampal sclerosis                                      8/67 (12%)                    4/19 (21%)                 110/1539 (7%)                .032^[†](#TFN7){ref-type="table-fn"}^

NOTE: Ethnoracial group is self-reported.

NOTE: Data availability summarized in [Supplementary Table 3](#SD1){ref-type="supplementary-material"}.

Abbreviation: MMSE, Mini-Mental State Examination.

Last MMSE score was tested within three years of death (time from test date to death did not differ).

Unless noted, data are presented as median (25^th^, 75^th^).

Significance tested using Kruskal-Wallis One-Way Analysis of Variance on Ranks

Fisher Exact Test where indicated.

###### 

Multiple linear regression modeling of significant neuropathologic variables

                                                         Brain weight                  Braak tangle stage             Coexisting HpScl-TDP   
  ------------------------------------------------------ ------------------- --------- -------------------- --------- ---------------------- ---------
  Unadjusted                                                                                                                                 
  Ethnoracial Group[\*](#TFN10){ref-type="table-fn"}                                                                                         
  Hispanic decedents                                     −61 (−98, −24)      .001      2.0 (1.2, 3.4)       .005      1.8 (0.8, 3.6)         180
  Black decedents                                        −50 (−120, 18)      .150      0.7 (0.3, 1.7)       .400      3.5 (1.0, 9.7)         .054
  Adjusted for age of onset, sex, and disease duration                                                                                       
  Ethnoracial group[\*](#TFN10){ref-type="table-fn"}                                                                                         
  Hispanic decedents                                     −25 (−57, 6.3)      .120      1.3 (0.7, 2.3)       .400      1.1 (0.4, 2.4)         .900
  Black decedents                                        −47 (−100, 9.0)     .099      0.7 (0.3, 1.6)       .340      5.4 (1.4, 17)          .016
  Covariates                                                                                                                                 
  Age of onset                                           15 (7.3, 24)        .0003     0.5 (0.4, 0.6)       \<.0001   2.8 (2.0, 3.8)         \<.0001
  Sex                                                    −140 (−150, −130)   \<.0001   1.9 (1.5, 2.5)       \<.0001   0.8 (0.5, 1.2)         .3
  Disease duration                                       −9.4 (−11, −7.7)    \<.0001   1.1 (1.1, 1.1)       \<.0001   1.3 (1.2, 1.3)         \<.0001

Abbreviations: OR, odds ratio; 95% CI, confidence interval; HpScl, Hippocampal Sclerosis of a TDP-43 etiology.

NOTE. White decedents were inputted as the referent for the ethnoracial group.

All odds ratio estimates calculated by profile likelihood.

###### RESEARCH IN CONTEXT

1.  Systematic review: We reviewed available literature using PubMed for scientific articles examining ethnoracial differences in Alzheimer's disease (AD). While growing evidence indicates that ethnoracial minorities are found to be at a higher risk of AD or other dementias compared with non-Hispanic white Americans, our understanding of neuropathologic differences remains relatively understudied. Thus, we conducted a retrospective study to determine clinicopathologic differences across an autopsy-confirmed AD cohort of Hispanic, black, and white decedents.

2.  Interpretation: Consistent with previous findings, substantial ethnoracial differences in age of onset of cognitive impairment, disease duration, and endstage cognitive decline were found. Notably, neuropathologic differences across ethnoracial groups supported differences in tau pathology distribution and coexisting hippocampal sclerosis of a TDP-43 etiology. Overall, results underscore the need for consideration of clinical variability when assessing neuropathologic outcomes.

3.  Future directions: These preliminary findings could guide future mechanistic, biomarker, and clinical studies, with the goal of understanding and improving dementia treatments in underserved populations.
